Context: Lipocalin-2 and adipocyte fatty-acid-binding protein (A-FABP or FABP4) are adipokines potentially involved in the pathophysiology of obesity and metabolic syndrome in adults. In children, they have been scarcely studied. Objective: To analyze lipocalin-2 and A-FABP circulating levels before and after 2 years of a dieting and lifestyle intervention in a prepubertal obese cohort. Design and setting: Case-control study with a prospective follow-up of cases for 2 years in our referral pediatric endocrine outpatient center. Patients and methods: Seventy-three prepubertal obese children, 8.03G1.08-years old, and 47 age-and gender-matched lean controls were studied. Anthropometric parameters, blood pressure, fasting oral glucose tolerance test, homeostatic model insulin resistance index (HOMA-IR), lipid profile, lipocalin-2, and A-FABP were evaluated. Weight loss was considered if z-score body mass index (BMI) decreased at least 0.5 S.D. Results: At baseline, lipocalin-2 and A-FABP were higher in prepubertal obese children than those in lean controls (P!0.001). A-FABP showed a gradual increase, according to the obesity degree (r 2 Z0.632; P!0.001). After 2 years, obese patients who lost weight showed a decrease in A-FABP (a mean 2% reduction in BMI was associated with a mean 29% decrease in A-FABP (P!0.001)) without changes in lipocalin-2 levels. Regression model analysis adjusted by age, sex, BMI, and HOMA showed that A-FABP was lower in males (bZK5.77 (CI 95%: K9.7; K1.84)) and was modified by BMI (bZ2.7 (CI 95%: 1.77-3.62), r 2 Z0.659). Lipocalin-2 was not modified by any of these variables. Conclusions: Prepubertal obese children show high plasma lipocalin-2 and A-FABP levels, but only A-FABP is influenced by weight loss.
Introduction
Obesity is the sixth most important risk factor contributing to the overall burden of disease worldwide (1) and is associated with a constellation of metabolic derangements during the pediatric age (2) . Childhood obesity can be tracked into adulthood (3) and has significant adverse health consequences (4) .
Adipose tissue is not only an energy store but also an authentic endocrine organ, which carries out its functions through adipokines (5) . Over the past years, efforts have been made to identify new markers for cardiometabolic risk, which are lipocalin-2 and adipocyte fatty-acid-binding protein (A-FABP or FABP4) (6) (7) (8) (9) (10) . Lipocalin-2, also known as 24p3 (LCN2) or siderocalin or neutrophil gelatinase-associated lipocalin, is a 25 kDa protein, which was originally identified in mice kidney cells and in human granulocytes. The physiological functions of this protein remain less understood. Previous studies have focused on its role in immune response to bacterial infections (11) . stages. They reported high plasma levels that decreased after 1-year weight loss (15) . A-FABP gene variants were also studied in a cohort of prepubertal children and the authors found that selective SNPs may account for increased risk for insulin resistance or systemic inflammation in the context of obesity (16) .
To our knowledge, no previous 2-year prospective studies regarding the role of lipocalin-2 and A-FABP in prepubertal obese children has been carried out.
The aim of this study is to gain some insight into the effect of weight loss after a 2-year diet and lifestyle intervention program on lipocalin-2 and A-FABP circulating levels in a prepubertal obese cohort. This effect was evaluated taking into account the obesity degree, the metabolic syndrome components, and the insulin resistance.
Patients and methods
We examined 73 obese prepubertal children aged 6-10 years who were attending an outpatient long-term intervention program over a period of 2 years. Inclusion criteria were the existence of obesity as defined by body mass index (BMI) O2 SDS for age and sex upon Spanish normative charts (17) , aged between 6 and 10 years and prepubertal according to Tanner staging (18, 19) . Controls were healthy, lean children attending preoperative blood analysis before minor surgery, prepubertal and matched by age with the obese patients. Exclusion criteria were the presence of endocrinopathy, obesity-associated syndrome, the presence of any infectious or inflammatory diseases in the past 10 days, or taking medication that affected weight, lipidic metabolism, or arterial pressure. Written informed consent was obtained from all the patients parents and all investigations followed the Helsinki Declaration. The study was approved by the ethical committee of our institution (reference code 2004104).
Baseline clinical evaluation
Detailed medical, personal, and family history of obesity and cardiometabolic risk were obtained from all subjects, including birth weight and length for gestational age. A complete physical examination was performed with special attention to the existence of acanthosis nigricans. Height was measured using a Harpenden stadiometer to the nearest 0.1 cm, body weight was measured with a balance scale to the nearest 0.1 kg, and waist circumference was measured with a tape at the middle point between the last rib and the superior iliac crest, adjusted to the nearest 0.1 cm and compared with an age-and sex-reference population (20) . All these measurements were performed for duplication and by the same investigator, with patient in light clothes and without shoes. The mean of two determinations was used for calculations. Adiposity was evaluated by BMI (calculated as the weight in kilograms divided by the square of the height in meters) and BMI SDS. Pubertal development was assessed by direct physical examination according to Tanner staging (IZ prepubertal). Blood pressure (BP) was measured in triplicate with the Critikon Dinamap 8100 automatic system, with an appropriate sized cuff and after at least 10 min resting in supine position. Lowest BP was chosen and was evaluated using the percentiles of International Task Force for BP (21) .
Obesity degree was fixed with z-score using the LMS method (22) . To explore the impact of the definition of obesity on the frequency of cardiometabolic features, we also applied the obesity criteria by Cole (International Obesity Task Force) (23) to our BMI data.
Baseline metabolic evaluation
We obtained a blood sample after a 12 h overnight fast. A lipid profile, alaninetransferase (ALT), uric acid, glucose, and insulin levels were determined. Likewise, a standard 2 h oral glucose tolerance test was performed in obese subjects.
Samples were stored at K80 8C until their analysis. Plasma glucose was measured by the glucose hexokinase method, insulin by an electrochemiluminescent method, cholesterol and its fractions by cholesterol sterase/oxidase, and triglycerides by lypase/glycerol kinase (Roche Diagnostics). Intra-and interassay coefficient of variation (CV) values were 1.9-2.1% for glucose and 2.6-2.8% for insulin respectively.
Plasma lipocalin-2 was measured by the ELISA Human Lipocalin-2/NGAL ELISA (BioVendor R&D, Modrice, Czech Republic) having a sensitivity of 0.02 ng/ml with intra-and inter-assay CV values !10 and !9% respectively. Plasma A-FABP and human adipocyte FABP4 were measured by the ELISA (Bio-Vendor R&D) having a sensitivity of 0.1 ng/ml with intraand interassay CV values !6 and !7% respectively. Impaired glucose metabolism was defined according to the American Diabetes Association (ADA) criteria (24) . Insulin resistance was evaluated using the homeostatic model index (HOMA-IRZfasting insulin (mU/ml)!fasting glucose (mmol/l)/22.5) (25).
Intervention and follow-up
After the baseline evaluation, balanced normocalorie diet adjusted by age (orally and written) and a personally adapted exercise program was given to obese patients. The diet contained 30% of energy as fat, 15% of energy as proteins, and 55% of energy as carbohydrates (5% as sugar). The children and their parents followed a 'traffic-light system' when selecting their food. Television viewing and video games were limited to a maximum of 2 h/day, and 30-45 min of moderate exercise three times a week was negotiated. Visits were programed every 4 months for 2 years.
Re-evaluation
After 2 years, the same clinical and metabolic evaluation was performed in the obese patients. We considered a significant weight loss if z-BMI had decreased at least 0.5 S.D. (26) .
Statistical analysis
Data were expressed as meanGS.D. for quantitative variables and as percentages for categorical variables unless otherwise indicated. Logarithmical transformation before the analysis was used when variables were not normally distributed. Two-year percentage of change was calculated as (end valueKinitial value)/ initial value!100. t-Test or Mann-Whitney U test was used for comparing differences between the groups, and paired t-test or Wilcoxon test was used to compare variables before and after the intervention. Bivariated correlations were evaluated with Pearson's and Spearman's coefficients as appropriate. Furthermore, we used some multivariate linear regression models using either lipocalin-2 or A-FABP as a dependent variable and including age, sex, weight status (BMI), and HOMA as independent variables. A P value !0.05 was considered as significant. All analyses were performed with SPSS 17.0 version (SPSS, Chicago, IL, USA).
Results
Seventy-three obese children (50.6% girls) and 47 healthy controls (34% girls) were included in the study. The subject characteristics are shown in Table 1 . Obese children had more acanthosis, insulin resistance, high BP, insulin, triglycerides, low-density lipoprotein cholesterol (LDLc), urate, ALT, and lower high-density lipoprotein cholesterol (HDLc) levels than controls. Lipocalin-2 and A-FABP levels were increased in obese children as compared with lean controls (Table 1) .
According to Cole charts, 4% (nZ3) of our patients should be classified as overweight and not obese. We did not find significant differences in these two subgroups with respect to any analyzed variable.
In obese children, A-FABP showed a positive correlation with BMI (rZ0.499; P!0.001), waist perimeter (rZ0.406; P!0.001), diastolic BP (rZ0.244; PZ0.043), triglycerides (rZ0.310; PZ0.008), uric acid (rZ0.264; PZ0.025), ALT (rZ0.252; PZ0.033), and HOMA-IR (rZ0.255; PZ0.033) and a negative one with HDLc (rZK0.268; PZ0.023). Neither did lipocalin-2 correlate with any anthropometrical and metabolic studies nor did it vary with A-FABP.
ANOVA showed that A-FABP levels rose gradually while increasing the obesity degree (FZ40.6; P!0.001) ( Fig. 1A) . Lipocalin-2 levels were clearly higher in obese than in healthy lean controls, but this increase was not lineal according to the obesity degree (Fig. 1B) .
After a 2-year follow-up, 62 patients completed the study and 11 (drop outsZ15%) did not. We classified the obese patients who finished the study according to the presence of weight loss: 31 with a significant weight loss and 31 without it ( Table 2 ). Baseline comparison between these two groups was not significant except for age and waist circumference. The obese patients who lost weight were older and had a higher waist circumference than those who did not lose weight. It is noteworthy that both the groups had similar baseline circulating levels of A-FABP and lipocalin-2.
After 2 years, a substantial weight loss led to a significant decrease in A-FABP ( Fig. 2A) . A weight loss of 2% in BMI was associated with a reduction in z-BMI of 27%, in z-waist of 15.6%, and in A-FABP of 29%. In addition, the correlation of z-BMI (in percentage of change) with A-FABP (in percentage of change) was 0.579 (P!0.001). Lipocalin-2 remained unchanged after the 2-year intervention program (Fig. 2B) .
To further understand the relationship between A-FABP and lipocalin-2 and the rest of the variables evaluated, we carried out different multivariate linear regression analysis with each of them. Lipocalin-2 and A-FABP were considered as dependent variables, and healthy control group, age, sex, weight status (BMI), and HOMA were included as independent variables. In addition, we analyzed the influence of any significant variable in the previous bivariate correlations. In the model, A-FABP levels were modified by sex (male bZK5.77 (IC 95%: K9.7 to 1.84)) and BMI (bZ2.7 (CI 95%: 1.77-3.62, r 2 for the model 0.659)). However, age, HOMA, and belonging to the control group did not influence A-FABP levels. In obese patients, correlations of A-FABP with the components of metabolic syndrome were lost after adjusting for BMI. Lipocalin-2 did not differ between genders and was higher in obese patients (obese bZ21.91 (CI 95%: 8.93-34.9, r 2 for the modelZ0.377)).
A-FABP levels after 2 years of follow-up, which depended on baseline A-FABP (bZ0.48 (CI 95%: 0.25-0.7)), were higher in those patients without weight loss (bZ6.81 (IC 95%: 0.096-13.5)) and were modified by BMI (bZ0.91 (CI 95%: K0.08 to 1.91). Lipocalin-2 was not modified by any of these variables.
Discussion
To our knowledge, this is the first 2-year longitudinal study that evaluates the association between plasma adipokine concentrations (lipocalin-2 and A-FABP) Baseline comparison between subjects with and without weight loss (independent t-test) (P!0.05). and metabolic syndrome parameters in a prepubertal children group, before and after a diet and lifestyle intervention program. We hypothesized that in prepubertal obese children, plasmatic lipocalin-2 and A-FABP would be increased compared with lean children and would decrease after a significant weight loss.
Lipocalin-2 in our obese prepubertal children showed a 44.7% higher concentration than that in lean children, after controlling for age and sex. A previous study in adults showed higher concentrations of plasmatic lipocalin-2 in obese subjects (10), but these results have not been corroborated by other authors (27) . It is noteworthy that, despite obtaining clear differences between obese and lean children in our studied cohorts, lipocalin-2 levels were not related to BMI and waist circumference. This is in contrast to a unique cross-sectional study in adolescents (28) , which was carried out with 80 obese girls, with different pubertal stages, and mixed groups for calculating correlations that could have misled the results.
Likewise, in our study, lipocalin-2 concentrations did not significantly decrease after weight loss in obese patients after 2 years of follow-up. We know that there is no clear explanation for this observation. However, sources other than adipose tissue such as liver, lung, and macrophages could contribute to the circulating concentrations of this protein (29, 30) , and therefore justify our observations.
Lipocalin-2 appears to act as an acute phase protein, which can be induced by different inflammatory processes (31) . In obesity, it has been shown to be an independent predictor of inflammation and it correlates with PCR after adjusting for age, sex, and adiposity (10) . In this sense, one is tempted to speculate that the presence of higher plasma lipocalin-2 concentrations in obese children may represent an epiphenomenon of a low-grade systemic inflammation. Consequently, lipocalin-2 could represent a possible link between obesity and cardiovascular risk. In contrast, some studies in mice suggest that lipocalin-2 could be a protector mechanism against inflammation over activation through the suppression of lipopolysaccharide-induced cytokine production (32) . Therefore, the real physiological role of lipocalin-2 is unknown to date. Whether it is an inflammatory marker related to obesity or just an acute phase protein in response to the inflammation associated with obesity remains unclear.
A-FABP concentrations have been related to obesity, metabolic syndrome, insulin resistance, type 2 diabetes, and cardiovascular disease in adult subjects (7) (8) (9) (33) (34) (35) .
Our study showed that plasmatic concentrations of A-FABP were closely associated with obesity in prepubertal children as previously reported (16) . There was a positive correlation between A-FABP levels and obesity markers (BMI and waist circumference). In addition, A-FABP levels were higher in obese than in lean children; the level increases with the degree of obesity. In fact, the more pronounced decrease in circulating A-FABP was observed only in children with a significant weight loss after the 2-year intervention study. A previous study, analyzing this adipokine in a similar cohort, has been conducted in 30 obese children aged 8-15 years (12 prepubertal), which reported a similar decrease in A-FABP plasma levels after 1-year obesity intervention in those with substantial weight loss (15) . This decrease in A-FABP levels after weight loss has also been observed in massively obese subjects after bariatric surgery (36) . Furthermore, a reduction in A-FABP expression in human adipose tissue after weight loss has also been reported (37) . Taking all this information into account, it is plausible that subcutaneous adipose tissue amount and distribution appears to be one of the most important factors contributing to A-FABP circulating levels. However, taking into account that severe apnea is related to high A-FABP levels independent of obesity (38) , we cannot rule out that part of A-FABP levels reduction after weight loss may be accounted for by amelioration of possible coexisting sleep apnea syndrome.
In animal experiments, some evidence suggests a role for A-FABP in insulin sensitivity regulation, lipid metabolism, and inflammation (39, 40) . In humans, A-FABP has proved useful in predicting metabolic syndrome development in a 5-year study performed in a Chinese adult cohort, regardless of adiposity and insulin resistance (34) . A positive correlation between A-FABP and high BP has previously been described in adults, as with other metabolic syndrome components. This correlation was independent of BMI (7, 34) but could not be corroborated by others (9) . Despite the strong positive correlations observed in our obese cohort between A-FABP and many cardiovascular risk factors, linear model showed that these associations disappeared after adjusting for BMI. Therefore, our study does not corroborate a relationship between A-FABP and the different components of the metabolic syndrome in prepubertal obese children, as observed in other studies with children (41) and women with polycystic ovary syndrome (42) . Similarly, our results do not prove A-FABP as a marker linked to glucose homeostasis, in contrast to some previous reports in adults in which A-FABP was revealed as a useful predictive marker for type 2 diabetes development (8) .
However, our results must be interpretated with caution because we did not take into account the A-FABP genetic variants. In this sense, a recent study showed that the rs1054135 allelic variant was higher and was associated with increased A-FABP levels in obese patients, while the rs16909233 variant allele was similar in obese and nonobese patients and was associated with increased HOMA values (16) . Thus, it is possible that our cohort was principally composed of children with the first allelic variant, which would explain the absence of relationship between A-FABP and metabolic syndrome components.
In this study, after adjusting for BMI, boys showed lower plasma A-FABP concentrations than girls. These gender differences are similar to those found in adult studies (8, 34) and are attributed to the presence of more subcutaneous fat in women. However, in our study, boys' z-BMI was higher than girls' and both genders showed similar waist circumference. Therefore, we suggest that factors other than body fat may account for gender differences in prepubertal children.
In conclusion, prepubertal obese children show high plasma lipocalin-2 and A-FABP concentrations, but only A-FABP is influenced by weight loss. Further studies are required to elucidate the exact role of lipocalins in the physiopathology of obesity in prepubertal children.
